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wherein R 1 to R 17 are organic residues, X 1 to X 18 are heteroatoms and A 1 and A 2 are chemically rational organic 
residues composed of C, H and O atoms or ot C, H, O and S atoms, having molecular weight of 500 or less. 
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Description 

Field of the Invention 

5 The present invention relates to a material having a triphenylene structure, used for the production of an electro- 

luminescence device, and an organoelectroluminscence device (to be sometimes referred to as "EL device" hereinafter) 
which uses the above material and is useful as a planar light source or display. 

Prior Art 

10 

Organic photo-conductive materials are advantageously less expensive, easily processible and free from causing 
pollution, and a variety of compounds have been proposed. Examples of the disclosed organic photo-conductive ma- 
terials include oxadiazole derivatives (U. S. Patent 3, 1 69,447), oxazole derivatives (U.S. Patent 3,257,203), hydrazone 
derivatives (U. S. Patent 3,717,462, JP-A-54-59,143. U. S. Patent 4,150,978), triaryl pyrazoline derivatives (U. S. 

is Patent 3,820,989, JP-A-51 -93,224, JP-A-55-1 08,667), arylamine derivatives (U. S. Patent 3,160,730, U. S. Patent 
4,232,103, JP-A-55-1 44,250, JP-A-56-11 9,1 32), and stiibene derivatives (JP-A-58-1 90,953, JP-A-59-1 95,658). 

An organic EL device is one technical example to which the hole transporting capability of an organic photo- 
conductive material is adapted. An EL device using an organic substance is greatly expected to be usable as a solid 
light-emitting inexpensive large-screen, full-color display device, and developments thereof are being made in many 

20 ways. Generally, an organic EL device is composed of a light-emitting layer and a pair of mutually opposite electrodes 
sandwiching the light-emitting layer. The light emission by an EL device is the following phenomenon. When an electric 
field is applied between the two electrodes, the cathode injects electrons into the light-emitting layer, and the anode 
injects holes into the light-emitting layer. Further, when the electrons recombine with the holes in the light-emitting 
layer their energy level shifts from a conduction band back to a valence electron band to release energy as fluorescent 

25 light. 

As compared with inorganic EL devices, conventional organic EL devices require high voltage for its activation, 
and further their light emission brightness and light emission efficiency are iow. Further, conventional organic EL de- 
vices deteriorate in properties to a great extent, and no organic EL device has been put to practical use. 

There has been recently proposed an organic EL device which is produced by laminating a thin film containing an 
30 organic compound having a fluorescent quantum effect to emit light at a low voltage as low as less than 10 V, and it 
attracts attention (Appl. Phy. Lett., Vol. 51, page 913, 1987). The above organic EL device has a fluorescent layer 
containing a metal chelate complex and a hole-injecting layer containing an amine-based compound, and emits green 
light having a high brightness. The above organic EL device achieves a maximum brightness of 10 : 000 cd/m 2 and a 
maximum light emission efficiency of 1.5 InVW at a direct current voltage of 6 or 7V and thus has nearly practically 
35 usable performance. 

An organic EL device has a structure in which a light-emitting layer containing an organic fluorescent compound 
is provided between a metal cathode layer and a transparent anode layer. Further, an electron-injecting layer and a 
hole-injecting layer are provided for obtaining light emission having a high brightness at a low voltage. In the organic 
EL device, electrons injected from a cathode and holes injected from an anode are recombined to generate excitons 

40 and the excitons radiate light in the process of radiation thereof to be deactivated (JP-A-59-1 94393, JP-A-63- 295695). 
However, when the device continues to emit light in the continuous operation under the application of direct current 
for a long period of time, the organic compound, or an organic photo-conductive material in particular, is promoted in 
crystallization, and leak current is liable to occur in the device so that the device is liable to be eventually broken. For 
overcoming the above problem, a compound such as 4,4\4Mris(N,N'-diphenylamino)tiphenylamine or 4,4\4Mris[N- 

45 (3-methylphenyl)-N-phneylamino]-triphenylamine is used as a hole-injecting material for use in a hole-injecting layer 
(JP-A-4-308688). The above compounds are less crystallizable owing to their steric coordination structure and are 
excellent in thin film formability, while they are not yet satisfactory as an organic thin film which is to constitute an 
organic EL device. That is, these compounds do not much undergo crystallization immediately after a film is formed 
therefrom, while they undergo crystallization with the passage of time and are not feasible for practical use. The device 

50 therefore easily deteriorates in the repeated use for light emission. 

As discussed above, the organic EL devices which have been so far developed are not sufficient in light emission 
brightness and light emission stability in the repeated use for light emission. It is therefore desired to develop a hole- 
injecting material having excellent hole-injecting capability and durability for attaining an organic EL device having a 
higher light emission brightness, a high light emission efficiency and excellent stability in the repeated use for light 

55 emission. 
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Summary of the Invention 

It is an object of the present invention to provide a hole-injecting material for an organic EL device, which material 
has excellent hole-injecting capability and durability, and an organic EL device having a high light emission efficiency 
and being capable of light emission in repeated and continuous emission of light due to the use of the above hole- 
injecting material. 

According to the present invention, there is provided a material for an organic electroluminescence device, having 
the.formula [II] or [III], 



70 



75 



20 



R 8 -X 6 




[I] 



25 



30 



wherein each of R 1 to R 6 is independently a non-substituted alkyl group, a substituted alky I group, a non-substi- 
tuted aryl group, a substituted aryl group, a non-substituted alicyclic group, a substituted alicyclic group, a non-substi- 
tuted heterocyclic group or a substituted heterocyclic group, or at least one combination of adjacent X^R 1 and X^R 2 , 
X 3 -R 3 and X 4 -R 4 or X 5 -R 5 and X 6 -R 6 is a non-substituted mono-hetero-cyclic ring, a substituted mono-net ero-cyc lie 
ring, a non-substituted fused poly-hetero-cyclic ring or a substituted fused poly-hetero-cyclic ring, and each of X 1 to x 6 
is independently an oxygen atom or a sulfur atom, or each of X 1 to x 6 is independently a nitrogen atom to which a 
hydrogen atom, an alkyl group or an aryl group may be bonding, 



35 



40 



45 




X 3 — A 1 — X 




9-R9 [II] 



SO 



wherein each of R 1 , R 2 and R 4 to R 11 is independently a non-substituted alkyl group, a substituted alkyl group, 
a non-substituted aryl group, a substituted aryl group, a non-subslituled alicyclic group, a substituted alicyclic group, 
a non-substituted heterocyclic group or a substituted heterocyclic group, or at least one combination of adjacent X 1 - 
R 1 and X 2 -R 2 , X 5 -R 5 and X 6 -R 6 , X 7 -R 7 and X 8 -R 8 , or X 9 -R 9 and X 10 -R 10 is a non-substituted mono-hetero-cyclic ring, 
a substituted mono-hetero-cyclic ring, a non-substituted fused poly-hetero-cyclic ring or a substituted fused poly-hetero- 
cyclic ring, each of X 1 to X 11 is independently an oxygen atom, a sulfur atom or a nitrogen atom to which a hydrgeon 
atom, an alkyl group or an aryl group may be bonding, and A 1 is a chemically rational organic residue which is composed 
of C, H and O, or is composed of C, H, O and S, and has a molecular.weight of 500 or less, 
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[III] 



20 R ,s 

wherein each of R\ R 2 and R 4 to R 17 is independently a non-substituted alkyl group : a substituted alkyl group, 
a non-substituted an/I group, a substituted aryl group, a non-substituted alicyclic group, a substituted alicyclic group, 
a non-substituted heterocyclic group or a substituted heterocyclic group, or at least one combination of adjacent X 1 - 

25 ri and X2-R2, X 5 -R 5 and X 6 -R 6 , X 7 -R 7 and X 8 -R 8 , X^-RQ and X^-R™, X 13 -R 13 and X 14 -R 14 , or X^-R^ and x1 6 -R16 
is a non-substituted mono-hetero-cyclic ring, a substituted mono-hetero-cyclic ring, a non-substituted fused poly-het- 
ero-cyclic ring or a substituted fused poly-hetero-cyclic ring, each of X 1 to X 18 is independently an oxygen atom, a 
sulfur atom or a nitrogen atom to which a hydrogen atom, an alkyl group or an aryl group may be bonding, and A 2 is 
a chemically rational organic residue which is composed of C, H and O, or is composed of C, H, O and S : and has a 

30 molecular weight of 500 or less. 

According to the present invention, further, there is provided an organic electroluminescence device obtained by 
forming either a light-emitting layer or a plurality of organic compound thin layers including the light-emitting layer 
between a pair of electrodes composed of a cathode and an anode, wherein at least one layer contains the above 
material for an organic electroluminescence device. 

35 in a preferred embodiment of the present invention, further, the organic EL device has at least one layer containing 

the above material in a hole-injecting zone between the light-emitting layer and the anode. 

In a preferred embodiment of the present invention, further, the light-emitting layer of the organic EL device contains 
the above material. 

In a preferred embodiment of the present invention, further, the light-emitting layer and at least one other layer 
40 contain the above material. 

In a preferred embodiment of the present invention, further, a layer containing the above material further contains 
an organic fluorescence dyestuff. 

Detailed Description of the Invention 

45 

The present inventors have made diligent studies to overcome the above problems, and have found that the hole- 
injecting material of the formula (1 ) has high hole-injecting capability and gives an organic EL device having excellent 
device characteristics, an excellent light emission life. 

In the formula (I), each of R 1 to R 6 is independently a non-substituted alkyl group, a substituted alkyl group, a non- 
50 substituted aryl group, a substituted aryl group, a non-substituted alicyclic group, a substituted alicyclic group, a non- 
substituted heterocylic group or a substituted heterocyclic group. 

Examples of the substituted or non-substituted alkyl group include linear or branched alkyl groups having 1 to 18 
carbon atoms such as methyl ethyl, propyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, stearyl, trichlorome- 
thyl, trifluoromethyl, benzyl and 2,2-dimethylbenzyl. 
55 Examples of the substituted or non-substituted aryl group include phenyl, tolyl, naphthyl, anthranyl, phenanthrenyl, 

fluorenyl, acenaphthyl, azurenyl, heptanlenyl, acenaphthylenyl, pyrenyl, biphenyl, 4-ethylbiphenyl, terphenyl, quater- 
phenyl, benz[a]anthranyl, triphenylenyl, 2,3-benzfluorenyl and 3,4-benzpyrenyl. 

Examples of the substituted or non-substituted alicyclic group include cyclopropyl, cyclobutyl, cyclopentyl, cy- 
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clohexyl, cycloheptyl cyclcoctyl.1 ,3-cyclohexadienyl, 2-cyclopenten-1-yl, and 2,4-cyclopentadien-1-ylidenyl, 

Examples fo the substituted or non-substituled heterocyclic group include thienyl, furyl, pyrrolyl, imidazolyl, pyra- 
zolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl. mdolyl. quinolyl. isoquinolyl. phthalazinyl, quinoxalinyl, quinazolinyl, 
carbazolyl, acisdinyl, phenazinyl, turturyl, isothiazolyl, isoxasolyL furazanyl, phenoxazinyl. benzothiazolyL benzooxa- 
s solyl, benzimidazolyl, 2-methylpyridyl, 3-cyanopyridyl, oxazolyl, thiazolyl, imidazolyl, oxadiazolyl, thiadiazotyl and im- 
idadiazolyl. 

Typical examples of the substituent on the alkyl group, the aryl group, the aiicyclic group or the heterocyclic group 
include halogen atoms such as fluorine, chlorine, bromine and iodine, nitro, cyano, carbonyl, hydroxy!, mercapto, sub- 
stituted or non-substituted alkyl groups such as methyl, ethyl, propyl, butyl, sec-butyl, tert-butyl, pentyl, hexyl. heptyl, 

jo octyl, stearyl, t rich lorom ethyl, trifluoromethyl, cyclopropyl, cyclohexyl, 1 ,3-cyclohexadienyl, 2-cyclopenten-1 -yl and 
2,4-cyclopentadien-1-ylidenyl, substituted or non-substituted alkoxy groups such as methoxy, ethoxy, propoxy, n-bu- 
toxy, sec-butoxy, terl-tuboxy, pentyloxy, hexyloxy, stearyloxy and trifluoromethoxy, substituted or non-substituted thio- 
alkoxy groups such as methylthio, ethylthio, propylthio, butylthio, sec-butylthio, tert-butylthio, pentylthio, hexylthio, hep- 
tylthio and octylthio, mono- or di-substituted amino groups such as methylamino, dimethylamino, ethylamino, dipro- 

15 pylamino, dibutylamino. diphenylamino, bis(acetoxymethyl)amino, bis(acetoxyethyl)amino, bis(acetoxypropyl)amino, 
bis(acetoxybutyl)amino and dibenzylamino, substituted or non-substituted aryloxy groups such as phenoxy, p-tert- 
butylphenoxy and 3-fluorophenoxy, substituted or non-substituted arylthio groups such as phenylthio and 3-fluoroph- 
enylthio : substituted or non-substituted aryl groups such as phenyl, biphenyl, triphenyL terphenyl, 3-nitrophenyl, 
4-methylthiophenyl, 3,5-dicyanophenyl, o-, m- and p-tolyl, xylyl, o-, m- and p-cumenyl, mesityl, pentalenyl, indenyl, 

20 naphlhyl, azulenyl, heplalenyl, acenaphlhyienyl, phenalenyl, fluorenyl, anthryl, anlhraquinolyl, 3-melhylanthryl, phen- 
anthryl, tirphenylenyl, pyrenyl, chrysenyl, 2-ethyl-1 -chrysenyl, picenyl, perylenyl, 6-chloroperylenyl, pentaphenyl, pen- 
tacenyl, tetraphenylenyl, hexapenyl, hexacenyl, rubicenyl, coronenyl, trinaphthylenyl, heptaphenyl, heptacenyl, pyran- 
threnyl and ovelenyl, and substituted or non-substituted heterocylic groups such as thienyl, furyl, pyrrolyl, imidazolyl, 
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolyl, quinolyl, isoquinolyl, phthalazinyl, quinoxalinyl, quinazoli- 

25 nyl, carbazolyl, acridinyl, phenazinyl, furfuryl, isothiazolyl, isoxasolyl, furazanyl, phenoxazinyl, benzothiazolyl, benzoox- 
asolyl, benzimidazolyl, 2-methylpyridyl, 3-cyanopyridyl, oxazolyl, thiazolyl, imidazolyl, oxadiazolyl, thiadiazolyl, imida- 
diazolyl, carbozolyl and indolyl. 

In the formula(l), each of X 1 to x 6 is independently an oxygen atom, a sulfur atom or a nitrogen atom to which a 
hydrogen atom, an alkyl group or an aryl group may be bonding. Examples of the alkyl group and the aryl group include 

30 those specified with regard to R 1 to R 6 . 

In the formula (1). alternatively, at least one combination of >0-R 1 and X 2 -R 2 , X 3 -R 3 and X 4 -R 4 or X 5 -R 5 and X 6 - 
R 6 may form a non-substituted mono-hetero-cyclic ring, a substituted mono-hetero-cyclic ring, a non-substituted fused 
poly-hetero-cyclic ring or a substituted fused poly-hetero-cyclic ring. 

Examples of the mono-hetero-cyclic ring or the fused poly-hetero-cyclic ring include crown ether rings such as 

35 12-crown ring, 15-crown ring and 18-crown ring, indolyl ring, quinolyl ring, isoquinolyl ring, quinoxalinyl ring, quinazolinyl 
ring, carbazolinyl ring, phenazinyl ring, lurf uryl ring, isothiazolyl ring, benzimidazolyl ring, 1-tetralinylringand2-tetralinyl 
ring. 

Examples of the substituent which may be substituted on the above ring include those specified with regard to R 1 
to R 6 . 

40 Table 1 shows specific examples of the compound of the formula (I), while the compound of the formula (I) shall 

not be limited thereto. 
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In the formula (II), R\ R 2 and R 4 to R 11 have the same meanings as those of R 1 to R e in the formula (I), and X 1 

2S to X 12 have the same meanings as those of X 1 to X 6 in the formula (I). And, at least one combination of adjacent X 1 - 
R 1 and X 2 -R 2 , X 5 -R 5 and X 6 -R 6 , X 7 -R 7 and X 8 -R 8 , or X 9 -R 9 and X 10 -R 10 is a non-substituted mono-hetero-cyclic ring, 
a substituted mono-hetero-cyclic ring, a non-substituted fused poly-hetero-cyclic ring or a substituted fused poly-hetero- 
cyclic ring, and A 1 is a chemically rational organic residue which is composed of C, H and O, or is composed of C, H, 
O and S, and has a molecular weight of 500 or less. 

30 Further, in the formula (III), R 1 , R 2 and R 4 to R 17 have the same meanings as those of R 1 to R 6 in the formula (!), 

and X 1 to X 1 8 have the same meanings as those of X 1 to X 6 in the formula (I). And, at least one combination of adjacent 
tf-R 1 and X 2 -R 2 , X 5 -R 5 and X 6 -R 6 , X 7 -R 7 and X 8 -R 8 , X 9 -R 9 and X^-R 10 , X l3 -R 13 and X 14 -R 14 or X 15 -R 15 and X 16 - 
R 16 is a non-substituted mono-hetero-cyclic ring, a substituted mono-hetero-cyclic ring, a non-substituted fused poly- 
hetero-cyclic ring or a substituted fused poly-hetero-cyclic ring, and A 2 is a chemically rational organic residue which 

35 is composed of C, H and O, or is composed of C, H, O and S, and has a molecular weight of 500 or less. 

In the formulae (II) and (III), each of A 1 and A 2 is preferably a substituted or non-substituted alkylene group, a 
substituted or non-substituted alicyclic group, a substituted or non-substituted aromatic ring group or a substituted or 
non -substituted hydrocarbon group. 

Examples of the substituted or non-substituted alkylene group include methylene, ethylene, propylene, butylene, 

40 sec-butylene, tert-butylene, pentylene, hexylene, heptylene, octylene, stearylene, trichloromethyiene and trifluor- 
omethylene. 

Examples of the alicyclic group include cyclopropylene, cyclohexylene, 1 : 3-cyclohexadienylene, 2-cyclopenten- 
1-ylene, 2,4-cyclopentadien-l-ylidenylene, benzylene and 2.2-dimethylbenzylene. 

Examples of the substituted or non-substituted aromatic ring group include phenylene, tolylene, naphthylene, an- 
45 thranylene, phenanthrenylene, fluorenylene, acenaphthylene, azulenylene, heptalenylene, acenaphthylenylene, 
pyrenylene, biphenylene, 4-ethylbiphenylene, terphenylene, quaterphenylene, benz[a]anthranylene, triphenylenylen, 
2,3-benzofluorenylene and 3,4-benzopyrenylene. 

Further, each of A 1 and A 2 may be a group formed by combining groups of different kinds such as a combination 
of an alkylene group and an aromatic ring group, a combination of an alkylene group and an alicyclic group, or the like, 
so and the groups of a combination may be combined through an oxygen atom, a sulfur atom or a nitrogen atom. 

In the formulae (II) and (III), the substituted or non-substituted alkylene group, the substituted or non-substituted 
alicyclic group and the substituted or non-substituted aromatic ring group in the definition of A 1 and A 2 may contain a 
substituent included in the groups defined as R 1 to R 11 or R 1 to R 17 . 

Table 2 shows specific examples of the compounds ol the formulae (II) and (III), while the compounds of the 
55 formulae (II) and (111) shall not be limited thereto. 
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55 The material of the present invention may be used together with other hole-injecting material or electron-injecting 

material in one layer. 

The organic EL device has a structure in which a mono- or multi-layered organic thin film including a light-emitting 
layer is formed between an anode and a cathode. In a mono-layered device, a light -emitting layer is formed between 
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the anode and the cathode. The light-emitting layer contains a light-emitting material, and in addition thereto, it may 
contain a hole-transporting material for transporting holes injected from the anode to the light-emitting material, or an 
electron-transporting material for transporting electrons injected from the cathode to the light-emitting material. Some 
light-emitting materials contain the capability of injecting holes or electrons. The multi-layered organic EL device has 

5 one of laminated-layer structures, for example, of (anode/hole-injecting zone/light-emitting layer/cathode), (anode/iight- 
emitting layer/electron -injecting zone/cathode) and (anode/hole-injecting zone/light-emitting layer/electron-injecting 
zone/cathode). The compound of the formula [1] can be used in any one of the above device structures. The material 
of the formula (I) (including the materials of the formulae (II) and (III)) has the function of injecting holes from a cathode 
to a hole-injecting zone and the function of transporting and injecting the injected holes into a light-emitting layer. When 

io the hole-injecting zone is formed of two or more layers, therefore, the material of the formula (I) (including the materials 
of the formulae (II) and (111)) can be used in any one these hole-injecting layers. Further, since they have fluorescence, 
they can be used as a light-emitting layer. Further, they can be used as an electron -transporting material by adding an 
electron-attracting substituent. The material of the present invention gives an amorphous thin film, and is therefore 
advantageous in storage as a thin film for a long period of time and a light emission life when the device is activated. 

15 Further, since the material of the present invention has a low ionization potential as a film and shows excellent adhesion 
to an electrode made ol a metal such as ITO, it can be suitably used in a hole-injecting layer to be in contact with an 
ITO electrode (anode). Further, in view of the smoothness of a film formed of the material of the present invention and 
the capability of injecting holes into a light-emitting material, the material of the present invention can be also suitably 
used in a hole-injecting layer to be in contact with a light-emitting material. 

20 in addition lo the material of the present invention, the light-emitting layer may contain a known light-emitting 

material, a known dopant, a known hole-transporting material or a known electron-transporting material as required. 
When the organic EL device has a two-layered structure, the light-emitting layer and the hole-injecting layer are sep- 
arated. Owing to this structure, the efficiency in injecting holes from the hole-injecting layer to the light-emitting layer 
improves, and the device is improved in light emission brightness and light emission efficiency. In this case, preferably, 

25 for light emission, the light-emitting material itself, used in the light-emitting layer, has the capability of injecting elec- 
trons, or the light-emitting layer contains an electron-transporting material. There is another two-layered structure 
formed of a light-emitting layer and an electron-injecting layer. In this case, preferably, the light-emitting material itself 
has the capability of injecting holes, or the light-emitting layer contains a hole-transporting material. 

In a three-layered structure, the device has a light-emitting layer, a hole-injecting layer and an electron -injecting 

30 layer, so that the efficiency in the recombination of holes and electrons in the light-emitting layer is improved. When 
the organic EL device is formed so as to have a multi-layered structure as described above, the decrease in brightness 
and life caused by quenching can be prevented. In the device having the above multi-layered structure, a light-emitting 
material, a dopant, a hole-transporting material for transporting a carrier and an electron-transporting material may be 
used in combination as required. Further, the use of a dopant improves the light emission brightness and the light 

35 emission efficiency, and gives red or blue light. Further, each of the hole-injecting zone, the light-emitting layer and the 
electron-injecting zone may be formed of at least two layers. These layers may be formed by a selection depending 
upon various factors such as energy level, heat resistance and adhesion to an organic layer or a metal electrode. 

Although not specially limited, examples of the light-emitting material or the dopant which are usable in combination 
with, or independently of, the material of the present invention include anthracene, naphthalene, phenanthrene, pyrene, 

40 tetracene, coronene, chrysene, fluorescein, perylene, phthaloperylene, naphthaloperylene, perinone, naphthaloperi- 
none, diphenylbutadiene, tetraphenylbutadiene : coumarine, oxadiazole, aldazine, bisbenzoxazoline, bisstyryl, pyra- 
zine, cyclopentadiene, quinoline metal complex, aminoquinoline metal complex, benzoquinoline metal complex, imine, 
diphenylethylene. vinyl anthracene, diaminocarbazole, triphenylamine, benzidine typetriphenylamine, styrylamine type 
triphenylamine, diamine type triphenylamin, pyran, thiopyran, polymethine, merocyanine, an imidazole-chelated oxy- 

45 noid compound, porphyrin metal complex, phthalocyanine complex, rare earth metal complex, quinacridone, rubrene 
and fluorescent dyestuffs for dyestuff laser or for brightness. When the above compound, which is generally called an 
organic fluorescence dyestuff, is added to the material of the present invention, excited energy generated by the re- 
combination of holes and electrons in the light-emitting layer moves efficiently lo the organic fluorescence dyestuff, 
whereby high-intensity light color inherent to the fluorescence dyestuff can be obtained. 

50 Specific examples of the material effective as a light-emitting material or dopant include metal complex compounds 

such as aluminum tris(B-hydroxyquinolinate), aluminum tris(2-methyl-8-hydroxyquinolinate), gallium tris(8-hydroxyqui- 
nolinate), beryllium bis(10-hydroxybenzo[h]quinolinate), zinc bis(10-hydroxybenzo[h]quinolinate), chlorogallium bis 
(2-methyl-6-quinolinate), gallium bis(2-methyl-8-quinolinate)(o-cresolate), aluminum bis(2-methyl-8-quinolinate) 
(1-naphtholate), gallium bis(2-methyl-8-quinolinate)(2-naphtholate), gallium bis(2-methyl-8-quinolinate)phenolate, 

55 zinc bis(o-(2-benzooxazolyl)phenolate), zinc bis(o-(2-benzothiazolyl)phenolate) and zinc bis(o-(2-benzotriazolyl)phe- 
nolate), aromatic amine-containing compounds such as N.N.N'.N'-f^ta.a'-dimethylbenzyOphenylJ-anthranyl-Q.IO-di- 
amine and 9,10-bis(4-(di-p-tolylamino)phenyl)anthracene, bisstylyl-containing compounds such as 4,4 , -bis(P,(i-diphe- 
nylvinyl)biphenyl, 4,4-bis(3-(N-ethyl-3-carbozolyl)vinyl)biphenyl and 4,4'-bis(p-diphenylaminostyryl)biphenyl, peryl- 
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ene, perylene tetracarboxylic acid diimide derivatives, S-C^-benzothiazolyO-y^iethylaminocoumarin (coumarin 6), 4« 
(dicyanomethylene)-2-methyl-6-(p<iimethylaminostyryl)-4-H-pyran (DCM), Nile Red, diphenylanthracene and its de- 
rivatives, quinacridone and its derivatives, and rubrene and its derivatives. However, the above light-emitting material 
shall not be limited to the above materials. 
5 The hole-transporting material includes compounds which have the capability of transporting holes, exhibit an 

effect on the injection of holes from an anode and an excellent effect on the injection of holes to a light-emitting layer 
or a light-emitting material, prevent the migration of excitons generated in a light -emitting layer into an electron -injecting 
zone or an electron-transporting material and have the excellent capability of forming a thin film. Specific examples of 
the hole-transporting material which can be used together with, or independently of, the material of the present invention 
io include a phthalocyanine derivative, a naphthalocyanine derivative, a porphyrin derivative, oxazole, oxadiazole, tria- 
zole, imidazole, imidazolone, imidazolthione, pyrazoline, pyrazolone, tetrahydroimidazole, hydrazone, acylhydrazone, 
polyarylalkane, stilbene, butadiene, benzidine type triphenylamine, styrylamine type triphenylamine, diamine type 
triphenylamine, derivatives of these, and polymer materials such as polyvinylcarbazole, polysilane and an electrically 
conductive polymer. However, the hole-transporting material shall not be limited to the above materials. 
is The hole-transporting material that can be effectively used in the organic EL device of the present invention includes 

an aromatic tertiary amine derivative or a phthalocyanine derivative other than the material of the present invention. 
Although not specially limited, specific examples of the tertiary amine derivative include triphenylamine, tritolylamine, 
tolyldiphenylamine, N.N'-diphenyl-N.N'-diCS-methylphenylJ-l .l-biphenyl^^'-diamine, N > N,N',N , -tetra(4-methylphe- 
nylJ-l.r-phenyM^'-diamine, N,N,N , ,N , -tetra(4-methylphenyl)-1,r-biphenyl-4 ^ 4 , -diamine, N.N-diphenyl-N.N'-di 
20 (i-naphthyO-l.l'-biphenyM^'-diamine, N,N , -di(methylphenyl)-N : N'-di(4-n-butylphenyl)phenanlhrene-9,10-diamine l 
A^'^-.trisfN-fS-methylphenyO-N-phenylaminoJtriphenylamine, 1 ,1-bis(4-di-p-tolyaminophenyl)cyclohexane l andorig- 
omers or polymers having aromatic tertiary amine structures of these. 

Specific examples of the phthalocyanine (Pc) derivative include phthalocyanine derivatives or naphthalocyanine 
derivatives such as H 2 Pc, CuPc, CoPc, NiPc, ZnPc, PdPc, FePc, MnPc, ClAIPc, CIGaPc, CllnPc, CISnPc, ClgSiPc, 
25 (HO)AIPc, (HO)GaPc, VOPc, TiOPc, MoOPc. and GaPc-O-GaPc. However, the phthalocyanine derivative shall not be 
limited to the above compounds. 

The electron-transporting material includes materials which are capable of transporting electrons, exhibit an effect 
on the injection of electrons from a cathode and an excellent effect on the injection of electrons into a light-emitting 
layer or light-emitting material, prevent the migration of excitons generated in the light-emitting layer into the hole- 
30 injecting zone and have the excellent capability of forming a thin film. Examples of the electron-transporting material 
include fluorenone, anthraquinodimethane, diphenoquinone, thiopyran dioxide, oxazole, oxadiazole, triazole, imida- 
zole, perylenetetracarboxylicacid, fluorenylidenemethane, anthraquinodimethane, anthrone, and derivatives of these. 
However, the electron-transporting material shall not be limited to these. 

The hole-transporting material may be sensitivity-increased by incorporating an acceptor material, and the elec- 
ts tron-injecting material may be sensitivity-increased by incorporating a donor material. 

In the organic EL device of the present invention the electron -trans porting material which is more effective is a 
metal complex compound or a nitrogen-containing five-membered derivative. Specific examples of the metal complex 
compound include lithium 8-hydroxyquinolinate, zinc bis(8-hydroxyquinolinate), copper bis(8-hydroxyquinolinate), 
manganese bis(8-hydroxyquinolinate), aluminum tris(8-hydroxyquinohnate), aluminum tris(2-methyl-8-hydroxyquino- 
40 linate), gallium tris(8-hydroxyquinolinate), beryllium bis(10-hydroxybenzo[h]quinolinate), zinc bis(10-hydroxybenzo[h] 
quinolinate), chlorogallium bis(2-methyl-8-quinolinate), gallium bis(2-methyl-8-quinolinate)(o-cresolate), aluminum bis 
(2-methyl-6-quinolinate)(1-naphtholate), gallium bis(2-methyl-8-quinolinate)(2-naphtholate), gallium bis(2-methyl- 
8-quinolinate)phenolate, zinc bis(o-(2-benzooxazolyl)phenolate), zinc bis(o-(2-benzothiazolyl)phenolate) and zinc bis 
(o-(2-benzotriazolyl)phenolate). However, the metal complex compound shall not be limited to these. The nitrogen- 
45 containing five-membered derivative is preferably oxazole, thiazole, thiadiazole ,a triazole and derivatives thereof. Spe- 
cific examples of the above nitrogen-containing five-membered derivative include 2,5-bis(1 -phenyl)-"! ,a4-oxazole, 
1 ,4-bis(2-(4-methyl-5-phenyloxazolyl)benzene, 2,5-bis(1-phenyl)-1 ,3,4-thiazole, 2,5-bis(1 -phenyl)-1 ,3,4-oxadiazole, 
2-(4 , -terl-butylphenyl)-5-(4"-biphenyl)1,3,4-oxadiazole l 2 : 5-bis(1-naphthyl)-1 ,3,4-oxadiazole, 1 ,4-bis[2-(5-phenyloxa- 
diazolyl)]benzene, 1 ,4-bis[2-(5-phenyloxadiazolyl)-4-tert-butylbenzene], 2-(4'-tert-butylphenyl)-5-(4'-biphenyl)- 
50 1 ,3,4-thiadiazole, 2,5-bis(1-naphthyl)-1,3,4-thiadiazole, 1,4-bis[2-(5-phenylthiazolyl)]benzene, 2-(4'-tert-butylphenyl)- 
5-(4 B -biphenyl)-1,3,4-triazole, 2,5-bis(1-naphthyl)-1 ,3,4-triazole and 1 ,4-bis[2-(5-phenyltriazolyl)]benzene. However, 
the nitrogen -containing five-membered derivative shall not be limited to these. 

Each of the light-emitting layer the hole-injecting layer and the electron -injecting layer in the present invention 
may be formed of two or more compounds. Specific effects of the present constitution are that light is effectively emitted 
55 by adding an organic fluorescence dyestuff to the light-emitting layer, that sensitivity is increased by adding an acceptor 
material to the hole-injecting material or by adding an donor material to the electron-injecting material and that an 
amorphous film is formed by incorporating the material of the present invention. 

As an electrically conductive material for the anode of the organic EL device, it is preferred to use a material having 
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a work function of greater than 4 eV. The electrically conductive material includes carbon, aluminum, vanadium, iron, 
cobalt, nickel, tungsten, silver, gold, platinum, palladium, alloys of these, metal oxides such as tin oxide and indium 
oxide used for ITO substrates or NESA substrates, and organic electrically conductive resins such as polythiophene 
and polypyrrole. 

s As an electrically conductive material for the cathode, it is preferred to use a material having a work function of 

smaller than 4 eV. The electrically conductive material includes magnesium, calcium, tin, lead, titanium, yttrium, lithium, 
ruthenium, manganese, and alloys of these. However, the electrically conductive material shall not be limited to these. 
Typical examples of the alloys include magnesium/silver, magnesium/indium and lithium/aluminum, while the alloys 
shall not be limited to these. The ratio of the alloys is controlled on the basis of the temperature of a vapor deposition 

io source, atmosphere and a vacuum degree, and a proper ratio is selected. Each of the anode and the cathode may be 
formed of two layers or more as required. 

For the effective light emission of the organic EL device, at least one of the electrodes is desirably transparent in 
the light emission wavelength region of the device. Further, the substrate is desirably transparent. The transparent 
electrode is produced from the above electrically conductive material by a deposition method or a sputtering method 

15 such that a predetermined transparency is secured. The electrode which forms a light emission surface preferably has 
a light transmittance of at least 10 %. The substrate is not specially limited so long as it has mechanical and thermal 
strength and is transparent. For example, it is selected from glass substrates and substrates of transparent resins such 
as a polyethylene substrate, a polyethylene terephthalate substrate, a polyether sulfone substrate and a polypropylene 
substrate. The substrate may have any form such as the form of a plate or a film. 

20 Each of the layers forming the organic EL device of the present invention can be formed by any one of dry film 

forming methods such as a vacuum deposition method and a sputtering method and wet film forming methods such 
as a spin coating method and a dipping method. The thickness of each layer is not specially limited, while each layer 
is required to have a proper thickness. When the layer thickness is too large, inefficiently, a high voltage is required to 
achieve predetermined emission of light. When the layer thickness is too small, the layer is liable to have a pinhole, 

25 etc., so that sufficient light emission brightness is hard to obtain even when an electric field is applied. Generally the 
thickness of each layer is preferably in the range of from 5 nm to 10 |im, more preferably 10 nm to 0.2 um 

In the wet film forming method, a materia! forforming an intended layer is dissolved or dispersed in a proper solvent 
such as chloroform, tetrahydrofuran or dioxane, and a thin film is formed from the solution or dispersion. The solvent 
shall not be limited to these. For improving the film formability and preventing the occurrence of pinholes, the above 

30 solution or dispersion for forming the layer may contain a proper resin and a proper additive. 

The resin for use in the present invention includes insulating resins such as polystyrene, polycarbonate, polyarylate, 
polyester, polyamide, polyurethane, polysulfone, polymethyl methacrylate, polymethyl acrylate and cellulose, photo- 
conductive resins such as poly-NI-vinylcarbazole and polysilane, and electrically conductive resins such as polythi- 
ophene and polypyrrole. The above additive includes an antioxidant, an ultraviolet absorbent and a plasticizer. 

35 The organic EL device of the present invention may be improved in stability against temperature, humidity and 

atmosphere by forming a protective layer on its surface, or by protecting the entire device with a silicon oil or a resin. 

In the present invention, the light emission efficiency and the light emission brightness can be improved by the 
use of the material of the present invention. Further, the organic EL device of the present invention is stable against 
heat and electric current and gives a practically acceptable light emission brightness at a low driving voltage, so that 

40 jt excellently overcomes a conventional serious problem, a decrease in brightness in the continuous operation ol light 
emission. 

The organic EL device of the present invention can be applied to flat panel displays such as an on-wall television 
set, a flat light-emitting device, a light source for a copying machine or a printer, a light source for a liquid crystal display 
or a counter, a display signboard and a signal light, and it therefore has high industrial values. Further, the material of 
45 the present invention can be used not only in the field of an organic EL device, but also in the fields of an electropho- 
tographic photoreceptor, a photoelectric converter, a solar cell, an image sensor, and the like. 

Examples 

50 The present invention will be explained more in detail with reference to Examples hereinafter. 

According to DSC analysis, most of the materials which are provided by the present invention have a glass transition 
temperature of at least 100°C, a melting point of at least 250°C and a decomposition temperature of at least 300°C. 
As compared with 4,4 , ,4"-tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine which is conventionally used as a 
noncrystalline hole-injecting material, the material of the present invention has a high glass transition temperature, a 

55 high melting point and a high decomposition temperature, and it is therefore seen that the material of the present 
invention has high heat resistance as a hole-injecting material for an organic EL device. Further, since the material of 
the present invention has low crystallizability or is free of crystallizability, it exhibits excellent adhesion to an anode 
substrate and a layer of an organic thin film, and it is excellently advantageous in durability of an organic thin film to 
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environments, the light emission life of an organic EL device which is driven and the storage properties of an organic 
EL device. 

Example 1 

5 

Compound (1) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 
layer having a thickness of 30 nm. Then, an aluminum tris(8-hydroxyquinolinate) complex was vacuum-deposited to 
form a light-emitting layer having a thickness of 50 nm, and an electrode having a thickness of 150 nm was formed 
thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1 , to obtain an organic EL device. 
10 The above hole-injecting layer and the light-emitting layer were formed by vapor deposition under a vacuum of 10~ 6 
Torr at a substrate temperature of room temperature. The device had the following light emission characteristics, i.e., 
a light emission brightness of 120 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 
19,000 (cd/m 2 ) and a light emission efficiency of 2.1 (Im/W). 

15 Example 2 

An organic EL device was prepared in the same manner as in Example 1 except that a hole-injecting layer was 
formed from a solution of Compound (2) in chloroform by a spin coating method. The device had the following light 
emission characteristics, i.e., a light emission brightness of 200 (cd/m 2 ) at a direct current voltage of 5 V, a maximum 
20 light emission brightness of 16,000 (cd/m 2 ) and a light emission efficiency of 2.0 (Im/W). 

Example 3 

Compound (4) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 
2S layer having a thickness of 40 nm. Then, N.N'-diphenyl-N, N'-(3-methylphenyt)- 1 ,1 , -biphenyl-4,4'-diamine was vacuum- 
deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an aluminum tris(8-hydroxy- 
quinolinate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thickness 
of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a 
magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above hole-injecting layers and the light- 
30 emitting layer were formed by vapor deposition under a vacuum of 10~ 6 Torr at a substrate temperature of room tem- 
perature. The device had the following light emission characteristics, i.e., a light emission brightness of 240 (cd/m 2 ) at 
a direct current voltage of 5 V, a maximum light emission brightness of 27,000 (cd/m 2 ) and a light emission efficiency 
of 2.4 (Im/W). 

35 Example 4 

4 > 4V4"-tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine was vacuum-deposited on a cleaned glass sub- 
strate with ITO electrode, to obtain a hole-injecting layer having a thickness of 40 nm. Then, Compound (3) was vacuum- 
deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an aluminum tris(8-hydroxy- 

40 quinolinate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thickness 
of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a 
magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above hole-injecting layers and the light- 
emitting layer were formed by vapor deposition under a vacuum of 10~ 6 Torr at a substrate temperature of room tem- 
perature. The device had the following light emission characteristics, i.e., a light emission brightness of 260 (cd/m 2 ) at 

45 a direct current voltage of 5 V, a maximum light emission brightness of 36,000 (cd/m 2 ) and a light emission efficiency 
of 2.8 (Im/W). 

Example 5 

50 An organic EL device was prepared in the same manner as in Example 4 except that the 4,4 , 1 4 n -tris[N-(3-methyl- 

phenyI)-N-phenylamino]triphenylamine for forming a first hole-injecting layer was replaced with 4,4',4 ,, -tris[N-(1 -naph- 
thyl)-N-phenylamino]triphenylamine. The device had the following light emission characteristics, i.e., a light emission 
brightness of 280 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 32,000 (cd/m 2 ) 
and a light emission efficiency of 2.6 (Im/W). 

55 

Example 6 

A solution of Compound (17) in chloroform was coated on a cleaned glass substrate with ITO electrode by a spin 
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coating method, to form a hole-injecting layer having a thickness of 40 nm. Then, an aluminum tris(8-hydroxyquinoli- 
nate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thickness of 40 
nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a mag- 
nesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above light-emitting layer was formed by vapor 
deposition under a vacuum of 10/ 6 Torr at a substrate temperature of room temperature. The device had the following 
light emission characteristics, i.e., a light emission brightness of 230 (cd/m 2 ) at a direct current voltage of 5 V, a max- 
imum light emission brightness of 26,000 (cd/m 2 ) and a light emission efficiency of 2.5 (Im/W). 



10 



15 



20 



25 



30 



35 



40 



45 



Examples 7-27 

Compound shown in Table 1 was vacuum -deposited on a cleaned glass substrate with I TO electrode, to obtain a 
hole-injecting layer having a thickness of 40 nm. Then, 4,4 , -bis[N-(1-naphthyl)-N-phenylamino]biphenyl was vacuum- 
deposited to obtain a hole-transporting layer having a thickness of 10 nm. Further, an aluminum tris(8-hydroxyquino- 
linate) complex was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm, and further, a gallium 
bis(2-methyl-8-hydroxyquinolihate)(1-phenolate) complex was vacuum-deposited to form an electron-injecting layer 
having a thickness of 30 nm. And, an electrode having a thickness of 150 nm was formed thereon from an aluminun/ 
lithium alloy having an aluminum/lithium mixing ratio of 25/1 , to obtain an organic EL device. The above hole-injecting 
layer and the light-emitting layer were formed by vapor deposition under a vacuum of 10 -6 Torr at a substrate temper- 
ature of room temperature. The device had light emission characteristics as shown in Table 3. 

Table 3 



Example 


Compound 


Brightness (cd/m 2 ) 


Maximum brightness (cd/m 2 ) 


Light emission efficiency (Im/W) 


'7 


(D 


310 


25,000 


2.6 


8 


(2) 


300 


26,000 


2.5 


9 i 


(3) 


320 


28,000 


3.0 


10 | 


(4) 


310 


29,000 


2.2 


11 I 


(5) 


290 


28,000 


2.0 


. 12 


(6) 


250 


23,000 


2.1 


13 


(7) 


260 


25,000 


2.2 


14 


(8) 


230 


26,000 


2.3 


15 


(9) 


250 


29,000 


2.8 


16 


(10) 


210 


28,000 


2.6 


17 


(11) 


230 


24,000 


2.0 


18 


(12) 


230 


22,000 


2.1 


19 


(13) 


250 


26,000 


2.4 


20 


(14) 


250 


24,000 


2.2 


21 


(15) 


220 


21,000 


2.0 


22 


(16) 


200 


20,000 


1.9 


23 


(17) 


180 


18,000 


1.6 


24 


(18) 


150 


15,000 


1.7 


25 


(19) 


190 


20,000 


1.9 


26 


(20) 


200 


21,000 


2.1 


27 


(21) 


230 


25,000 


2.5 



50 



55 Example 28 

4,4 , -bis[N-(l-naphthyl)-N-phenylamino]biphenyl was vacuum-deposited on a cleaned glass substrate with ITO 
electrode, to obtain a hole-injecting layer having a thickness of 40 nm. Then, Compound (6) was vacuum-deposited 
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to obtain a light- emitting layer having a thickness of 50 nm. Further, an aluminum tris(8-hydroxyquinolinate) complex 
was vacuum-deposited to form an electron-injecting layer having a thickness of 40 nm, and an electrode having a 
thickness of 1 50 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1 , 
to obtain an organic EL device. The above hole-injecting layer and the light-emitting layer were formed by vapor dep- 
s osition under a vacuum of 10 6 Torr at a substrate temperature of room temperature. The device had the following light 
emission characteristics, i.e., a light emission brightness of 480 (cd/m 2 ) at .a direct current voltage of 5 V, a maximum 
light emission brightness of 27,000 (cd/m 2 ) and a light emission efficiency of 2.3 (Im/W). 

Example 29 

10 

Compound (2) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 
layer having a thickness of 40 nm. Then, 4,4'-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl was vacuum-deposited to 
obtain a hole-transporting layer having a thickness ol 10 nm. Further, N.N.N'.N'-^-fa.a'-dimethylbenzyOphenylj-an- 
thranyl-9, 1 0-diamine was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm. Further, an 

15 . aluminum tris(B-hydroxyquinolinate) complex was vacuum -deposited to form an electron-injecting layer having a thick- 
ness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy 
having a magnesium/silver mixing ratio of 10/1 , lo obtain an organic EL device. The above hole-injecting layer and the 
light-emitting layer were formed by vapor deposition under a vacuum of 10~ 6 Torr at a substrate temperature of room 
temperature. The device had the following light emission characteristics, i.e., a light emission brightness of 1 ,200 (cd/ 

20 m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 69,000 (cd/m 2 ) and a light emission 
efficiency of 5.2 (Im/W). 

Example 30 

25 An organic EL device was prepared in the same manner as in Example 29 except that a hole-injecting layer obtained 

by the vacuum deposition of Compound (2) was heated in a vacuum heating furnace at 65°C for 3 hours. The device 
had the following light emission characteristics, i.e., a light emission brightness of 1,200 (cd/m 2 ) at a direct current 
voltage of 5 V, a maximum light emission brightness of 76,000 (cd/m 2 ) and a light emission efficiency of 5.9 (Im/W). 
The heating improved the device in the light emission characteristics. It is assumed that the improvement was made 

30 because the heating brought Compound (2) into an oriented state advantageous for the injection and transportation 
of holes. 

Example 31 

35 Compound (4) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 

layer having a thickness of 40 nm. Then, a Compound (21 ) and rubrene in a weight ratio of 1 0:1 were vacuum-deposited 
to form a light-emitting layer having a thickness of 50 nm. Further, an aluminum tris(8-hydroxyquinolinate) complex 
was vacuum-deposited to form an electron-injecting layer having a thickness of 40 nm, and an electrode having a 
thickness of 1 50 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 1 0/1 , 

40 to obtain an organic EL device. The above hole-injecting layer and the light-emitting layer were formed by vapor dep- 
osition under a vacuum of 1 0' 6 Torr at a substrate temperature of room temperature. The device had the following light 
emission characteristics, i.e., a light emission brightness of 680 (cd/m 2 ) at a direct current voltage of 5 V, a maximum 
light emission brightness of 47,000 (cd/m 2 ) and a light emission efficiency of 3.3 (Im/W). 

45 Example 32 

An organic EL device was prepared in the same manner as in Example 7 except that a light-emitting layer having 
a thickness of 40 nm was formed by vapor deposition of an aluminum tris(8-hydroxyquinolinate) complex and quinacri- 
done in a weight ratio of 20: 1 . The device had the following light emission characteristics; i.e., a brightness of 600 (cd/ 
50 m 2) at a direct current voltage of 5 V, a maximum light emission brightness of 40,000 (cd/m 2 ) and a light emission 
efficiency of 3.9 (Im/W). 

Example 33 

55 An organic EL device was prepared in the same manner as in Example 32 except that an electron-injecting layer 

having a thickness of 40 hm was formed by vapor deposition of Compound (20) in place of the aluminum tris(8-hy- 
droxyquinolinate). The device had the following light emission characteristics, i.e., a light emission brightness of 600 
(cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 42,000 (cd/m 2 ) and a light emission 
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efficiency of 4.4 (Im/W). 
Comparative Example 1 

5 An organic EL device was prepared in the same manner as in Example 1 except that Compound (1) was replaced 

with 4,4 , 1 4 ,, -tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine. The device had the following light emission char- 
acteristics, i.e., a light emission brightness of about 160 (cd/m 2 ) at a direct current voltage of 5 Vand a light emission 
efficiency of 1.2 (Im/W). 

io Example 34 

Compound (22) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 
layer having a thickness of 30 nm. Then, an aluminum tris(8-hydroxyquinolinate) complex was vacuum-deposited to 
form a light-emitting layer having a thickness of 50 nm, and an electrode having a thickness of 150 nm was formed 
is thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 1 0/1 , to obtain an organic EL device. 
The above hole-injecting layer and the light-emitting layer were formed by vapor deposition under a vacuum of 10 -6 
Torr at a substrate temperature of room temperature. The device had the following light emission characteristics, i.e., 
a light emission brightness of 110 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 
18,000 (cd/m 2 ) and a light emission efficiency of 2.0 (Im/W). 

20 

Example 35 

An organic EL device was prepared in the same manner as in Example 34 except that a hole-injecting layer was 
formed from a solution of Compound (26) in chloroform by a spin coating method. The device had the following light 
2S emission characteristics, i.e., a light emission brightness of 220 (cd/m 2 ) at a direct current voltage ol 5 V, a maximum 
light emission brightness of 20,000 (cd/m 2 ) and a light emission efficiency of 2.1 (Im/W). 

Example 36 

30 Compound (27) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a first hole- 

injecting layer having a thickness of 40 nm. Then, N,N'-diphenyl-N,N , -(3-methylphenyl)-1,1 , -biphenyl-4,4 , -diamine was 
vacuum-deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an aluminum tris(8-hy- 
droxyquinolinate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thick- 
ness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy 

35 having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above hole-injecting layers and 
the light-emitting layer were formed by vapor deposition under a vacuum of 10* 6 Torr at a substrate temperature of 
room temperature. The device had the following light emission characteristics, i.e., a light emission brightness of 260 
(cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 26,000 (cd/m 2 ) and a light emission 
efficiency of 2.5 (Im/W). 

40 

Example 37 

An organic EL device was prepared in the same manner as in Example 36 except that a second hole-injecting 
layer was formed from N,N , -(4-methylphenyl)-N,N , -(4-n-butylphenyl)-phenanthrene-9,10-diamine. The device had the 
45 following light emission characteristics, i.e., a light emission brightness of 280 (cd/m 2 ) at a direct current voltage of 5 
V, a maximum light emission brightness of 28,000 (cd/m 2 ) and a light emission efficiency of 2.6 (Im/W). 

Example 38 

4 ) 4 , : 4 M -tris[N-(1-naphthyl)-N-phenylamino]triphenylamine was vacuum-deposited on a cleaned glass substrate 
with ITO electrode, to obtain a first hole-injecting layer having a thickness of 40 nm. Then, Compound (23) was vacuum- 
deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an aluminum tris(8-hydroxy- 
quinolinate) complex was vacuum-deposited to form a light-emitting layer having a thickness of 40 nm, and an electrode 
having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing 
ratio of 10/1 , to obtain an organic EL device. The above hole-injecting layers and the light-emitting layer were formed 
by vapor deposition under a vacuum of 1 0* 6 Torr at a substrate temperature of room temperature. The device had the 
following light emission characteristics, i.e., a light emission brightness of 260 (cd/m 2 ) at a direct current voltage of 5 
V, a maximum light emission brightness of 26,000 (cd/m 2 ) and a light emission efficiency of 2.5 (Im/W). 
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Example 39 

A solution of Compound (48) in chloroform was coated on a cleaned glass substrate with ITO electrode by a spin 
coating method, to form a hole-injecting layer having a thickness of 40 nm. Then, an aluminum tris(8-hydroxyquinoli- 

5 . nate) complex was vacuum-deposited to form a light-emitting layer having a thickness ol 40 nm, and an electrode 
having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing 
ratio of 10/1 , to obtain an organic EL device. The above light-emitting layer was formed by vapor deposition under a 
vacuum of 10* 6 Torr at a substrate temperature of room temperature. The device had the following light emission 
characteristics, i.e., a light emission brightness of 220 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light 

w emission brightness of 27,000 (cd/m 2 ) and a light emission efficiency of 2.6 (Im/W). 

Examples 40 - 88 

Compound shown in Table 4 was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a 
is first hole-injecting layer having a thickness ot 40 nm. Then, 4,4'-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl was vac- 
uum-deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an aluminum tris(8-hy- 
droxyquinolinate) complex was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm, and further, 
a gallium bis(2-methyl-8-hydroxyquinolinate) phenolate complex was vacuum-deposited to form an electron-injecting 
layer having a thickness of 30 nm. And, an electrode having a thickness of 150 nm was formed thereon from an 
20 aluminun/lithium alloy having an aluminum/lithium mixing ratio of 25/1, to obtain an organic EL device. The above 
organic layers were formed by vapor deposition under a vacuum of 10' 6 Torr at a substrate temperalure of room tem- 
perature. The device had light emission characteristics as shown in Table 4. 



Examples 89-104 

25 

4 > 4 , : 4 M -tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine was vacuum-deposited on a cleaned glass sub- 
strate with ITO electrode, to obtain a first hole-injecting layer having a thickness of 40 nm. Then, Compound shown in 
Table 4 was vacuum-deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an alumi- 
num tris(8-hydroxyquinolinate) complex was vacuum -deposited to form a light-emitting layer having a thickness of 50 
30 nm, and further, a gallium bis(2-methyl-8-hydroxyquinolinate)phenotate complex was vacuum-deposited to form an 
electron-injecting layer having a thickness of 30 nm. And, an electrode having a thickness. of 150 nm was formed 
thereon from an aluminun/lithium alloy having an aluminum/lithium mixing ratio of 25/1 , to obtain an organic EL device. 
The above organic layers were formed by vapor deposition under a vacuum of 10" 6 Torr at a substrate temperature of 
room temperature. The device had light emission characteristics as shown in Table 4. 

35 



Table 4 



Example 


Compound 


Brightness (cd/m 2 ) 


Maximum brightness (cd/m 2 ) 


Light emission efficiency (Im/W) 


40 


(22) 


300 


23,000 


2.4 


41 


(23) 


310 


21,000 


2.2 


42 


(24) 


290 ! 


21,000 


2.2 


43 


(25) 


300 


22,000 


2.3 


44 


(26) 


330 


22,000 


2.2 


45 


(27) 


340 


22,000 


2.2 


46 


(28) 


300 


23,000 


2.3 


47 


(29) 


330 


24,000 


2.2 


48 


(30) 


280 


22,000 


2.2 


49 


(31) 


280 


23,000 


2.4 


50 


(32) 


290 


24,000 


2.4 


51 


(33) 


350 


25,000 


2.4 


52 


(34) 


330 


25,000 


2.5 


53 


(35) 


320 


25,000 


2.5 
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Table 4 (continued) 





Example 


Compound 


Brightness (cd/m 2 ) 


Maximum brightness (cd/m 2 ) 


Light emission efficiency (Im/W) 




54 


(36) 


300 


23,000 


2.4 


S 


55 


(37) 


360 


24,000 


2.3 




56 


(38) 


320 


29,000 


2.3 




57 


(39) 


300 


27,000 


2.7 


10 


.58 


(40) 


300 


25,000 


2.2 




59 


(41) 


310 


25,000 


2.4 




60 


(42) 


330 


24,000 


I 2.2 


IS 


: 61 


(43) 


300 


24,000 


2.0 


62 


(44) 


270 


23,000 


2.5 




63 


(45) 


260 


27,000 


2.4 




64 


(46) 


260 


23,000 


2.4 


20 


65 


(47) 


300 


23,000 


2.4 




66 


(48) 


330 


24,000 


2.2 




67 


(49) 


320 


25,000 


2.8 


25 


68 


(50) 


310 


28,000 


2.5 


69 


(51) 


320 


24,000 


2.7 




70 


(52) 


370 


26,000 


2.8 




71 


(53) 


370 


27,000 


2.8 


30 


72 


(54) 


330 


26,000 


2.4 




73 


(55) 


320 


28,000 


2.3 




74 


(56) 


350 


22,000 


2.3 


35 


75 


(57) 


320 


30,000 


2.6 


76 


(58) 


350 


30,000 


2.3 I 




77 


(59) 


320 


27,000 


2.5 




78 


(60) 


330 


27,000 


2.3 


40 


79 


^ (61) 


320 


28,000 


2.6 




80 


(62) 


310 


29,000 


2.3 




81 


(63) 


350 


26,000 


2.5 


45 


82 


(64) 


340 


26,000 


2.3 


83 


(65) 


320 


27,000 


2.3 




84 


(66) 


320 


28,000 


2.6 




85 


(67) 


310 


24,000 


2.6 


SO 


86 


(68) 


350 


28,000 


2.6 




87 


(69) 


330 


27,000 


2.6 




88 


(70) 


320 


26,000 


2.7 


55 


89 


(22) 


350 ! 


21,000 


2.3 




90 


(26) 


250 


30,000 


2.0 




91 


(33) 


320 


21,000 


2.9 
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Table 4 (continued) 



Example 


Compound 


Brightness (cd/m 2 ) 


Maximum brightness (cd/m 2 ) 


Light emission efficiency (Im/W) 


92 


(42) 


300 


22,000 


2.3 | 


93 


(47) 


350 


25,000 


2.0 


94 


(51) 


310 


27,000 


2.9 


95 


(56) 


260 


28,000 


2.8 


96 


(61) 


340 


30,000 


2.2 


97 


(70) 


370 


29,000 


2.4 


96 


(71) 


370 


23,000 


2.7 


99 


(72) 


340 


22,000 


2.6 


100 


(73) 


350 


25,000 




101 


(74) 


340 


25,000 


2.5 


102 


(75) 


400 


31 ,000 


2.8 


103 


(76) 


400 


30,000 


2.8 


104 


I (77) 


370 


32,000 


2.5 j 



Brightness and light emission efficiency = values under direct current of 5 (V). 

25 

Example 105 

Compound (48) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a first hole- 
injecting layer having a thickness of 40 nm. Then, 4,4'-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl was vacuum-de- 
posited to obtain a second hole-injecting layer having a thickness of 10nm. Further, N,N,N\N , -[4-(a,a , -dimethylbenzyl) 
phenyl]-anthranyl-9,10-diamine was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm. Fur- 
ther, an aluminum tris(8-hydroxyquinolinate) complex was vacuum-deposited to form an electron-injecting layer having 
a thickness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver 
alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above organic layers were 
formed by vapor deposition under a vacuum of 10' 6 Torr at a substrate temperature of room temperature. The device 
35 had the following light emission characteristics, i.e., a light emission brightness of 1,000 (cd/m 2 ) at a direct current 
voltage of 5 V, a maximum light emission brightness of 67,000 (cd/m 2 ) and a light emission efficiency of 4.7 (Im/W). 



Example 106 

An organic EL device was prepared in the same manner as in Example 65 except that a hole-injecting layer obtained 
by the vacuum deposition of Compound (48) was heated in a vacuum heating furnace at 65°C for 3 hours. The device 
had the following light emission characteristics, i.e., a light emission brightness of 1,200 (cd/m 2 ) at a direct current 
voltage of 5 V, a maximum light emission brightness of 78,000 (cd/m 2 ) and a light emission efficiency of 5.9 (Im/W). 
The heating improved the device in the light emission characteristics. It is assumed that the improvement was made 
because the heating brought Compound (48) into an oriented state advantageous for the injection and transportation 
of holes. 

Example 107 

N^'-diphenyl-N.N'-fS-methylphenyO-I.V-biphenyl^^'-diamine was vacuum-deposited on a cleaned glass sub- 
strate with ITO electrode, to obtain a hole-injecting layer having a thickness of 40 nm. Then, Compound (66) was 
vacuum-deposited to form a light-emitting layer having a thickness of 50 nm. Further, an aluminum tris(8-hydroxyqui- 
nolinate) complex was vacuum-deposited to form an electron-injecting layer having a thickness of 40 nm, and an 
electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver 
mixing ratio ot 10/1 , to obtain an organic EL device. The above organic layers were formed by vapor deposition under 
a vacuum of 10' 6 Torr at a substrate temperature of room temperature. The device had the following light emission 
characteristics, i.e., a light emission brightness of 290 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light 
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emission brightness of 21 ,000 (cd/m 2 ) and a light emission efficiency of 2.7 (Im/W). 
Example 108 

5 Compound (46) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 

layer having a thickness of 50 nm. Then, Compound (35) was vacuum<Jeposited to obtain a light-emitting layer having 
a thickness of 50 nm. Further, an aluminum tris(S-hydroxyquinolinate) complex was vacuum-deposited to form an 
electron-injecting layer having a thickness of 40 nm, and an electrode having a thickness of 1 50 nm was formed thereon 
from a magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The 

io above organic layers were formed by vapor deposition under a vacuum of 1 0" 6 Torr at a substrate temperature of room 
temperature. The device had the following light emission characteristics, i.e., a light emission brightness of 140 (cd/ 
m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 25,000 (cd/m 2 ) and a light emission 
efficiency of 2.1 (Im/W). 

is Example 109 

Compound (25) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 
layer having a thickness of 40 nm. Then, a Compound (38) and rubrene in a weight ratio of 100:3 were vacuum- 
deposited to form a light-emitting layer having a thickness of 50 nm. Further, an aluminum tris(8-hydroxyquinolinate) 

20 complex was vacuum-deposited to form an electron-injecting layer having a thickness of 40 nm, and an electrode 
having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing 
ratio of 10/1, to obtain an organic EL device. The above hole-injecting layer and the light-emitting layer were formed 
by vapor deposition under a vacuum of 10" 6 Torr at a substrate temperature of room temperature. The device had the 
following light emission characteristics, i.e., a light emission brightness of 630 (cd/m 2 ) at a direct current voltage of 5 

2S v, a maximum light emission brightness of 44,000 (cd/m 2 ) and a light emission efficiency of 3.7 (Im/W). 

Example 110 

An organic EL device was prepared in the same manner as in Example 40 except that a light-emitting layer having 
30 a thickness of 40 nm was formed by vapor deposition of an aluminum tris(8-hydroxyquinolinate) complex and quinacri- 
done in a weight ratio of 100:1. The device had the following light emission characteristics, i.e., a brightness of 590 
(cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 38,000 (cd/m 2 ) and a light emission 
efficiency of 3.9 (Im/W). 

35 Example 111 

An organic EL device was prepared in the same manner as in Example 110 except that an electron-injecting layer 
having a thickness of 40 nm was formed by vapor deposition ot Compound (63) in place of the gallium bis(2-methyl- 
8-hydroxyquinolinate)phenolate complex. The device had the following light emission characteristics, i.e., a light emis- 
40 sion brightness of 610 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 42,000 (cd/ 
m 2 ) and a light emission efficiency of 4.4 (Im/W). 

Example 112 

45 4,4'-bis[N-(l-naphthyl)-N-phenylamino]biphenyl was vacuum-deposited on a cleaned glass substrate with ITO 

electrode, to obtain a hole-injecting layer having a thickness of 30 nm. Then, a Compound (40) and quinacridone in a 
weight ratio of 50: 1 were vacuum-deposited to form a light-emitting layer having a thickness of 50 nm. Further, a gallium 
bis(2-methyl-8-hydroxyquinolale)(1-naphlholale) complex was vacuum-deposited to form an electron-injecting layer 
having a thickness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/ 

so silver alloy having a magnesium/silver mixing ratio of 10/1 , to obtain an organic EL device. The above organic layers 
were formed by vapor deposition under a vacuum of 10" 6 Torr at a substrate temperature of room temperature. The 
device had the following light emission characteristics, i.e., a light emission brightness of 540 (cd/m 2 ) at a direct current 
voltage of 5 V, a maximum light emission brightness of 35,000 (cd/m 2 ) and a light emission efficiency of 3.6 (Im/W). 

55 Example 113 

4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl was vacuum-deposited on a cleaned glass substrate with ITO 
electrode, to obtain a hole-injecting layer having a thickness of 30 nm. Then, a Compound (40) and N.N'-diethylquinacri- 
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done in a weight ratio of 20:1 were vacuum-deposited to form a light-emitting layer having a thickness of 50 nm. Further, 
a gallium bis(2-methyl-8-hydroxyquinolate)(1-naphtholate) complex was vacuum-deposited to form an electron-inject- 
ing layer having a thickness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a 
magnesium/silver alloy having a magnesium/silver mixing ratio of 10/1. to obtain an organic EL device. The above 
5 organic layers were formed by vapor deposition under a vacuum of 10* Torr at a substrate temperature of room tem- 
perature. The device had the following light emission characteristics, i.e., a light emission brightness of 490 (cd/m 2 ) at 
a direct current voltage of 5 V, a maximum light emission brightness of 42,000 (cd/m 2 ) and a light emission efficiency 
of 4.5 (Im/W). 

10 Example 114 

4,4 , : 4 n 4ris[N-(3-methylphenyl)-N-phenylamino)triphenylamine was vacuum-deposited on a cleaned glass sub- 
strate with ITO electrode, to obtain a hole-injecting layer having a thickness of 40 nm. Then, a Compound (38) and 
dipheny (anthracene in a weight ratio of 100:3 were vacuum-deposited to form a light-emitting layer having a thickness 
of 50 nm. Further, a zinc bis(o-(2-benzothiazotyl)phenolate complex was vacuum-deposited to form an electron-inject- 
ing layer having a thickness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a 
magnesium/silver alloy having a magnesium/silver mixing ratio ol 10/1, to obtain an organic EL device. The above 
organic layers were formed by vapor deposition under a vacuum of 1 0" 6 Torr at a substrate temperature of room tem- 
perature The device had the following light emission characteristics, i.e., a light emission brightness of 220 (cd/m 2 ) at 
a direct current voltage ol 5 V, a maximum.light emission brightness of 26,000 (cd/m 2 ) and a light emission efficiency 
of 2.9 (Im/W). 

Examples 115 - 121 

An organic EL device was prepared in the same manner as in Example 89 except that Compound (22) was replaced 
with Compound shown in Table 5. Table 5 shows the light emission characteristics. 

Table 5 



75 



20 



25 



Example 


Compound 


Brightness (cd/m 2 ) 


Maximum brightness (cd/m 2 ) 


Light emission efficiency (Im/W) 


115 


(71) 


370 


23,000 


2.7 


116 


(72) 


340 


22,000 


2.6 


117 


(73) 


360 


25,000 


2.6 


118 


(74) 


340 


25,000 


2.5 


119 


(75) 


400 


31 ,000 


2.8 


120 


(76) 


400 


30,000 


2.8 


121 


(77) 


370 


32,000 


2.5 



30 
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Comparative Example 2 

An organic EL device was prepared in the same manner as in Example 105 except that Compound (48) was 
replaced with 4,4 , ,4 n -tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine. The device had the following light emis- 
sion characteristics, i.e., a light emission brightness of about 550 (cd/m 2 ) at a direct current voltage of 5 V and a light 
emission efficiency of 3.5 (Im/W). 

Comparative Example 3 

An organic EL device was prepared in the same manner as in Example 38 except that Compound (23) was replaced 
with 4,4 , -bis[N-(l-naphthyl)-N-phenylamino]biphenyl. The device had the following light emission characteristics, i.e., 
a light' emission brightness of about 150 (cd/m 2 ) at a direct current voltage of 5 V and a light emission efficiency of 1 .4 
(Im/W). 

Comparative Example 4 . 

An organic EL device was prepared in the same manner as in Example 109 except that Compound (59) was 
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replaced with 4,4'-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl. The device had the following light emission character- 
istics, i.e. , a light emission brightness of about 20 (cd/m 2 ) at a direct current voltage of 5 V and a light emission efficiency 
of 2.2 (Im/W). 

5 Example 122 

Compound (78) was vacuum-deposited on a cleaned glass substrate with I TO electrode, to obtain a hole-injecting 
layer having a thickness of 30 nm. Then, an aluminum tris(8-hydroxyquinolinate) complex was vacuum-deposited to 
form a light-emitting layer having a thickness of 50 nm, and an electrode having a thickness of 150 nm was formed 
10 thereon from a magnesium/si fver alloy having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. 
The above hole-injecting layer and the light-emitting layer were formed by vapor deposition under a vacuum of 10- 6 
Torr at a substrate temperature of room temperature. The device had the following light emission characteristics, i.e., 
a light emission brightness of 120 (cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 
16,000 (cd/m 2 ) and a light emission efficiency of 1 .8 (Im/W). 

15 

Example 123 

An organic EL device was prepared in the same manner as in Example 122 except that a hole-injecting layer was 
formed from a solution of Compound (BO) in chloroform by a spin coating method. The device had the following light 
20 emission characteristics, i.e., a light emission brightness of 150 (cd/m 2 ) at a direct current voltage of 5 V, a maximum 
light emission brightness of 12,000 (cd/m 2 ) and a light emission efficiency of 1.8 (Im/W). 

Example 124 

25 Compound (81 ) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 

layer having a thickness of 40 nm. Then, N,N'-diphenyl-N,N'-(3-methylphenyl)-1 ,1 '-biphenyl-4,4'-diamine was vacuum- 
deposited to obtain a second hole-injecting layer having a thickness of 10 nm. Further, an aluminum tris(8-hydroxy- 
quinolinate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thickness 
of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy having a 

30 magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above hole-injecting layers and the light- 
emitting layer were formed by vapor deposition under a vacuum of 10" 6 Torr at a substrate temperature of room tem- 
perature. The device had the following light emission characteristics, i.e., a light emission brightness of 140 (cd/m 2 ) at 
a direct current voltage of 5 V, a maximum light emission brightness of 21 ,000 (cd/m 2 ) and a light emission efficiency 
of 2.1 (Im/W). 

35 

Example 125 

4 1 4 , : 4 M -tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine was vacuum-deposited on a cleaned glass sub- 
strate with ITO electrode, to obtain a hole-injecting layer having a thickness of 40 nm. Then, a Compound (80) was 

40 vacuum-deposited to form a second hole-injecting layer having a thickness of 1 0 nm. Further, an aluminum tris(8-hy- 
droxyquinolinate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thick- 
ness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy 
having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above hole-injecting layers and 
the light-emitting layer were formed by vapor deposition under a vacuum of 10" 6 Torr at a substrate temperature of 

45 room temperature. The device had the following light emission characteristics, i.e., a light emission brightness of 250 
(cd/m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 28,000 (cd/m 2 ) and a light emission 
efficiency of 2.5 (Im/W). 

Example 126 

so 

An organic EL device was prepared in the same manner as in Example 1 25 except that the 4,4'-,4"-tris[N-(3-meth- 
ylphenyl)-N-phenylamino]triphenylamine was replaced with 4,4',4 ,, -tris[N-(1 -naphthyl)-N-phenylamino]triphenylamine. 
The device had the following light emission characteristics, i.e. : a light emission brightness of 250 (cd/m 2 ) at a direct 
current voltage of 5 V, a maximum light emission brightness of 22,000 (cd/m 2 ) and a light emission efficiency of 2 2 
55 (Im/W). 
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Example 127 

A solution of Compound (94) in chloroform was coated on a cleaned glass substrate with ITO electrode by a spin 
coating method, to form a hole-injecting layer having a thickness of 40 nm. Then, an aluminum tris(8-hydroxyquinoli- 

5 nate) complex was vacuum-deposited to form an electron injection type light-emitting layer having a thickness of 40 
nm, and an electrode having a thickness of 100 nm was formed thereon from a magnesium/silver alloy having a mag- 
nesium/silver mixing ratio of 10/1 , to obtain an organic EL device. The above light-emitting layer was formed by vapor 
deposition under a vacuum of 10" 6 Torr at a substrate temperature of room temperature. The device had the following 
light emission characteristics, i.e., a light emission brightness of 200 (cd/m 2 ) at a direct current voltage of 5 V, a max- 

io imum light emission brightness of 19,000 (cd/m 2 ) and a light emission efficiency of 1.7 (Im/W). 

Examples 128 - 148 

Compound shown in Table 6 was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a 
is hole-injecting layer having a thickness of 40 nm. Then, 4,4'-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl was vacuum- 
deposited to obtain a hole-transporting layer having a thickness ol 10 nm. Further, an aluminum tris(8-hydroxyquino- 
linate) complex was vacuum-deposited to form a light-emitting layer having a thickness of 50 nm, and further, a gallium 
bis(2-methyl-8-hydroxyquinotinate) phenolate complex was vacuum-deposited to form an electron-injecting layer hav- 
ing a thickness of 30 nm. And, an electrode having a thickness of 1 50 nm was formed thereon from an aluminun/lithium 
20 alloy having an aluminum/lithium mixing ratio of 25/1, to obtain an organic EL device. The above hole-injecting layer 
and the above light-emitting layer were formed by vapor deposition under a vacuum of ia 6 Torr at a substrate tem- 
perature of room temperature. The device had light emission characteristics as shown in Table 6. 



Table 6 



25 


Example 


Compound 


Brightness (cd/m 2 ) 


Maximum brightness (cd/m 2 ) 


Light emission efficiency (Im/W) 




128 


(78) 




29,000 


2.4 




129 ! 


(79) 


290 


27,000 


2.3 


30 


130 


(80) 


300 


24,000 


2.0 




131 


(81) 


290 


27,000 


2.4 




132 


(82) 


280 


21 ,000 


1.4 




133 


(83) 


250 


20,000 


1.8 


35 


134 


(84) 


250 


21 ,000 


2.0 




135 


(85) 


240 j 


15,000 


1.3 




136 


(86) 


290 


19,000 


1.8 


40 


137 


(87) 


310 


13,000 


1.6 


138 


(88) 


200 


23,000 


1.9 




139 


(89) 


360 


27,000 


2.5 




140 


(90) 


290 


30,000 


2.8 


45 


141 


(91) 


150 


19,000 


1.7. 




142 


(92) 


200 


20,000 


1.8 




143 


(93) 


230 


28,000 


2.6 


50 


144 


(94) 


290 


19,000 


1.6 




145 


(95) 


180 - 


14,000 


1.1 




146 


(96) 


170 


23,000 


1.9 




147 


(97) 


260 


20,000 . 


1.5 


55 


148 


(98) . 


270 


24,000 


2.0 
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Example 149 

4,4M3is[N-(1-naphthyl)-N-phenylamino]biphenyl was vacuum-deposited on a cleaned glass substrate with ITO 
electrode, to obtain a hole-injecting layer having a thickness of 40 nm. Then, a Compound (82) was vacuum-deposited 

5 to form a light-emitting layer having a thickness ot 50 nm. Further, an aluminum tris(8-hydroxyquinolinate) complex 
was vacuum-deposited to form an electron -injecting layer having a thickness ot 40 nm, and an electrode having a 
thickness of 1 50 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 1 0/1 , 
to obtain an organic EL device. The above hole-injecting layer and the light-emitting layer were formed by vapor dep- 
osition under a vacuum of 10~ 6 Torr at a substrate temperature of room temperature. The device had the following light 

io emission characteristics, i.e., a light emission brightness of 380 (cd/m 2 ) at a direct current voltage of 5 V, a maximum 
light emission brightness of 26,000 (cd/m 2 ) and a light emission efficiency of 2.1 (Im/W). 

Example 150 

is Compound (78) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 

layer having a thickness of 40 nm. Then, 4,4-bis[N-(1 -naphthyl)-N-phenylamino]biphenyl was vacuum-deposited to 
obtain a hole -transporting layer having a thickness of 10 nm. Further, N.N.N'.N'-^-fa.a'-dimethylbenzyOphenylJ-an- 
thranyl-9,l0-diamine was vacuum-deposited to form a light-emitting layer having a thickness ol 50 nm. Furhter, an 
aluminum tris(3-hydroxyquinolinate) complex was vacuum-deposited to form an electron-injecting layer having a thick- 

20 ness of 40 nm, and an electrode having a thickness of 150 nm was formed thereon from a magnesium/silver alloy 
having a magnesium/silver mixing ratio of 10/1, to obtain an organic EL device. The above hole-injecting layer and the 
light-emitting layer were formed by vapor deposition under a vacuum of 10' 6 Torr at a substrate temperature of room 
temperature. The device had the following light emission characteristics, i.e., a light emission brightness of 1,000 (cd/ 
m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 59,000 (cd/m 2 ) and a light emission 

25 efficiency of 5.0 (Im/W). 

Example 151 

An organic EL device was prepared in the same manner as in Example 150 except that a hole-injecting layer 
30 obtained by the vacuum deposition of Compound (79) was heated in a vacuum heating furnace at 65°C for 3 hours. 
The device had the following light emission characteristics, i.e., a light emission brightness of 1,100 (cd/m 2 ) at a direct 
current voltage of 5 V, a maximum light emission brightness of 56,000 (cd/m 2 ) and a light emission efficiency of 4.9 
(Im/W). The heating improved the device in the light emission characteristics. It is assumed that the improvement was 
made because the heating brought Compound (79) into an oriented state advantageous lor the injection and trans- 
35 portation of holes. 

Example 152 

Compound (81 ) was vacuum-deposited on a cleaned glass substrate with ITO electrode, to obtain a hole-injecting 
to layer having a thickness of 40 nm. Then, a Compound (97) and rubrene in a weight ratio of 1 0:1 were vacuum-deposited 
to form a light-emitting layer having a thickness of 50 nm. Further, an aluminum tris(B-hydroxyquinolinate) complex 
was vacuum-deposited to form an electron-injecting layer having a thickness of 40 nm, and an electrode having a 
. thickness of 1 50 nm was formed thereon from a magnesium/silver alloy having a magnesium/silver mixing ratio of 1 0/1 , 
to obtain an organic EL device. The above hole-injecting layer and the light-emitting layer were formed by vapor dep- 
45 osition under a vacuum, of 10 -6 Torr at a substrate temperature of room temperature. The device had the following light 
emission characteristics, i.e., a light emission brightness of 580 (cd/m 2 ) at a direct current voltage of 5 V, a maximum 
light emission brightness of 42,000 (cd/m 2 ) and a light emission efficiency of 2.8 (Im/W). 

Example 153 

50 

An organic EL device was prepared in the same manner as in Example 12B except that a light -emitting layer having 
a thickness of 40 nm was formed by vapor deposition of an aluminum tris(8-hydroxyquinolinate) complex and quinacri- 
done in a weight ratio of 20: 1 . The device had the following light emission characteristics, i.e., a brightness of 520 (cd/ 
m 2 ) at a direct current voltage of 5 V, a maximum light emission brightness of 32,000 (cd/m 2 ) and a light emission 
55 efficiency of 2.9 (Im/W). 
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Example 154 

An organic EL device was prepared in the same manner as in Example 153 except that the aluminum tris(8-hy- 
droxyquinolinate) complex was replaced with Compound (97) to obtain an electron-injecting layer having a thickness 

5 of 40 nm The device had the lollowing light emission characteristics, i.e., a brightness of 520 (cd/m 2 ) at a direct current 
voltage ot 5 V, a maximum light emission brightness of 46,000 (cd/m 2 ) and a light emission efficiency of 3.4 (IrrVW). 

• When the organic EL devices obtained in the above Examples were allowed to continuously emit light at 3 (mA/ 
cm 2 ), all the organic EL devices emitted light with a brightness of more than 50 % of the initial brightness value for 
more than 1 ,000 hours. When the organic EL devices obtained in Comparative Examples were allowed to continuously 

10 emit light under the same conditions, the light emission brightness of all the organic EL devices decreased to less than 
50 % of the initial brightness value in 200 hours, and the number of dark spots, which are portions emitting no light, 
increased. The reason* therefor is as follows. The material of the present invention is a non-planar compound, and is 
therefore capable of forming an amorphous thin film. The material of the present invention exhibits improved capability 
of injecting holes, and the organic EL device exhibits improved capability of injecting holes, owing to a triphenylene 

is ring in the compound. Further, since the organic EL device is improved in heat resistance, the organic EL device is 
improved in durability against heat generated during continuous emission of light, the capability of injection of holes 
from the electrode and adhesion to the substrate. Further, when the material of the present invention is used as an 
electron-injecting material, it can form an amorphous thin film. Since the material of the present invention (compounds 
of the formulae (I), (II) and (Ml)) contains many fused aromatic rings and has electron-attracting groups, it improves 

20 the capability of injecting electrons, and the organic EL device is therefore improved in the capability of injecting elec- 
trons. Further, the material of the present invention exhibits effective properties as a light-emitting material. 
As used herein: 

A said alicyclic group is typically a saturated or unsaturated carbon ring having from 3 to 8 carbon atoms; 
25 a said heterocyclic group is typically a saturated or unsaturated ring, having, for example, up to 14 atoms and 

containing at least one, for example one, two or three heteroatoms selected from oxygen, sulphur and nitrogen. 
A mono-heterocyclic group typically comprises one ring; a poly-heterocyclic group typically comprises a fused ring 
system of two or more rings; 

A said alkylene group is typically a C r C l8 linear or branched alkylene group. 

30 



Claims 

1. A compound suitable for use in an electroluminescence device, which compound has the formula [I] , [II], or [III], 



35 



40 



45 



50 



R 6 -X 6 




[I] 



wherein: 



- X 1 to X 6 are the same or different and each is independently an oxygen atom, a sulphur atom, or a nitrogen 
atom to which a hydrogen atom, an alkyl group or an aryl group may be attached; and 
55 - R1 to R 6 are the same or different and each is independently a non -substituted alkyl group, a substituted alkyl 

group, a non-substituted aryl group, a substituted aryl group, a non-substituted alicydic group, a substituted 
alicyclic group, a non-substituted heterocyclic group or a substituted heterocyclic group, or R 1 and R 2 and/or 
R3 and R 4 and/or R 5 and R 6 , together with the atoms to which they are attached, form a substituted or unsub- 
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stiluted mono-heterocyclic or poly-heterocyclic ring, 




[ii] 



wherein: 

X 1 to X 11 are the same or different and each is independently an oxygen atom, a sulphur atom or a nitrogen 
atom to which a hydrogen atom, an alkyl group or an aryl group may be attached; 

R 1 , R 2 and R 4 to R 11 are the same or different and each is independently a non-substituted alkyl group, a 
substituted alkyl group, a non-substituted aryl group, a substituted aryl group, a non-substituted alicyclic group, 
a substituted alicyclic group, a non-substituted heterocyclic group or a substituted heterocyclic group, or R 1 
and R 2 and/or R 5 and R 6 and/or R 7 and R B and/or R 9 and R 10 , together with the atoms to which they are 
attached, form a substituted or unsubstituted, mono-heterocyclic or poly-heterocyclic ring, and 
A 1 is a chemically rational organic residue which is composed of C, H and O atoms, or of C, H, O and S atoms, 
and has a molecular weight of 500 or less, 




wherein: 

X 1 to X 18 are the same or different and each is independently an oxygen atom, a sulphur atom or a nitrogen 
atom to which a hydrogen atom, an alkyl group or an aryl group may be attached; 
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R i R 2 p4 to R ii an H Ri3 to R i7 are the same or different and each is independently a non-substituted alkyl 
group a substituted alkyl group, a non-substituted aryl group, a substituted aryl group, a non-substituted ali- 
cyclic group, a substituted alicyclic group, a non-substituted heterocyclic group or a substituted heterocyclic 
group or FP and and/or R* and R* and/or R? and R* and/or R* and R^° and/or R13 and R^ and/or Ris 
s and R 16 , together with the atoms to which they are attached, form a substituted or unsubstituted mono-hete- 

rocyclic or poly- heterocyclic ring; and 
- A* is a chemically rational organic residue which is composed of C. H and O atoms, or of C, H. O and S atoms 
and has a molecular weight of 500 or less. 

10 2. A compound according to claim 1 , which is a hole-transporting material. 

3. A compound according to any one of the preceding claims, wherein each of )0 to X* is an oxygen atom. 

4. A compound according to any one of the preceding claims, wherein each of R* to R 6 is a non-substituted alkyl 
is group or a substituted alkyl group. 

5 A compound according to any one of claims 1 to 3, wherein Ri and R* or R3 and R* or R* and Re, together with 
the atoms to which they are attached, form a substituted or unsubstituted mono-heterocyclic ring. 

20 6 An electroluminescence device comprising an anode and a cathode and, therebetween, either a light-emitting 
layer or a plurality of organic compound thin layers including a light-emitting layer, wherein at least one layer 
comprises a compound according to any one of claims 1 to 5. 

7. A device according to claim 6. wherein the layer comprising the compound according to any one of claims 1 to 5 
25 is a hole-injecting layer between the anode and the light-emitting layer. 

8. A device according to claim 6^ wherein the layer comprising the compound according to any one of claims 1 to 5 
is the light-emitting layer. 

30 9 A device according to claim 6, comprising a plurality of organic compound thin layers including the light-emitting 
layer, wherein both the light-emitting layer and at least one other layer contain a compound according to any one 
of claims 1 to 5. 

10. A device according to any one of claims 6 to 9, wherein the layer comprising the compound according to any one 
35 of claims 1 to 5 further comprises an organic fluorescence dyestuff. 

11. Use of a compound according to any one of claims 1 to 5 as a hole transporting material for an electroluminescence 
device. 
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(54) Material for organoelectroluminescence device and use thereof 

(57) A compound suitable for use in an electroluminescence device, having hole-injecting capability and durability 
and having the formula [I), [II] or [III] 
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wherein R 1 to R 17 are organic residues, X 1 to X 18 are heteroatoms and A 1 and A 2 are chemically rational organic 
residues composed of C, H and O atoms or of C, H, O and S atoms, having molecular weight of 500 or less. 
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